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(c) The Design for a Hi^ Speed Directional Interchange” 

CBC, USH. Various itethods for 

, designing of directional interchanges for hi^ways 

and the analysis of the controlling features of the 
several methods are included in the thesis. The 
"sniral-roll interchange transitioned right and left” 
is also described in "A Policy on Grade Senarations 
for Intersecting Hi^ways" nuhlished in 1944 by the 
American Association of State Highway Officials. 
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The haj^tiness of the iaeric^iii pe<^lo srtd the trelf are of the 
Heticn as a Miole arc baaed largD^ npm the dcvelf^ioeat of ocr 
national resources the pi-0|pcr utUisati<» of the products of 
Amricen Ingenuity. 

History has shomi that bujftan progress is based largly upon 
ttie develapai«rb of sore «^ficient tools and the eoplpy^nt of 
l^so tools in such s nannor as to provlc^ wiKi’asa benefit to 
aanldisi, The cutoaobUe ia perhaps oi» of the greatest tools 
trtar devi^c^jed in all history «iad its influence has been so great 
that it loos changed ccsspOLctcly the ecouowdc and social life of 
the ciTllisdd world. iSore tine xrast pass befoi'e its full ±!^>act 
t^pon the oconoeiic end social life of the world c&n be fully 
rcalieod* 

Hstoiy feils to revaal ar^ nati<Hi echierirs greatnoss tiist 
did not fittcsqpt to Is^awe its roads to fadlitctc tiie lanneacnt 
©f parsons «jd goods frora one plsco to rajotber. 

IS-chsTsys have rightly been called “thse sinews of civili»atl<m'*. 

TodUy two out of every throe families in t!ie Utrltod ^i-ctes 
oiro sutonobiles. Billions of hours of hurasn heppinesa are 
provided aisaially to the sillions of autcacbile-owni::^ fasailies 
ia Aacrica. Ihuly, Jiiglsrcy trarasportetion ha* -jocase a great 
ejesaocretic force and ha* broadened life icsen^iy. 

Itot oiily lias personalised trsasportetion, brouj^it ^out saaiiflly 
by tte sahrsnees aade with the suto®K»bile, esnsed a social and 
•conerde revolution wliich has ch£JXi*d cur standards o£ living 
t«t our laesns mxi Methods of living ss well. In fact, it has 
boccoc an esseartial part of living J 

Actually & new way ©f life has cone into beir^. Acc^uarntance" 
^lips and frioiwiships are no longer confined to the individual's 
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nearest neigljboiiiood® lUstant horizons md t]ie pleusaires of travel 
are within the reacli of alsiost everyesae* .toerica has xiow 
becosiD acccssiale to Aaiericans^ Sew hlgjmiy traa^i^rtatioii »ekes 
our national eenic beauties, our eursacr resorts and winter 
pltygrounds aveilcixLc to tii© nassen, whore before they •»sre a 
privilodge ea^q/ed only by the wealtly end those few rosidinc 
in their iiaaodiate vicinity# This cu^xjct of perscsiolissod 
tvBnxportstlj^ has ironed <xit distinctions in class and lias 
erased issny social barriers# 

Hie kLghwrys have always bewn the arteries of trvde of a 
nction and beesnse of the great isip^rcvera^nts in trrjR^^)<nrtxrtion 
x3sthods bx*ouf];ht about by the advent of tii© autosaobile, the 
lii^Tcys now have an ovsen cIcoct- rtO^ticaisLip to tlio econende 
welfsi*e of the peojdo tlian ever before# 

Hie tsDvmcnt of autcffijobilos is often of a business nature# 

^en and wesson ^ to £roa work in their cars# Countless goIoct^, 
rural letter' carriers and otliers engage in earning a livelihood 
use passenger cars to get about# 

^ery other sseans of transportation is absoLutely depondent 
upcjin road traaaported^on for the iKJginuir^ and cc^letion of tlie 
journey# Modern higiw^y transportation has brou^it the fainor 
jacaror to his maxiosts and has greatly increased liia trading radius* 
I^rovod higharaj^s and cotor vehicles heem been of inosticyd^le 
value to all coEssinitieB; but tM.n is particifUiTly true in the 
ci^ of thojHs cities cJiu towns that depend entirely upon iiiglway 
trarisportstim for their coittact, ccaemmicatioa and intercourse 
with the cutside wwld- Tljere arc Jaeiy such coasar^mitios thert 
bnve no railroad service and are entirely dependent on isotor 
transpoitation and without tills facility ti^sy could not exist# 



One cconcxaic itcsi that suet Bot be cfrerlooired is tbe increaae 
in land Yslaes, both nrtssn and rtaral, and the resoltire lixaTaase in 
the taxli^ basj, broufjit about iaqjrovtsd bneounfcod 

sections a£ agriculturiil larsis have been transforsosd Into cttrcctive 
resideintial TiUcfjes. "She broad Imiis, clean air cad bripit 
suxud'Jnc of these subezban hoocs have attracted ssore and nore city 
dBcUcrs vdho nosr coaKibe to atic frois tlaeir dally work ty ootor 
vehicle* 

De-caidirali»stion of iiwhistiy be jaa enreCLutiorsaay chsnije 
that brinns ab<nrfc certain local and tssqjorsiy disodvaatages. 

Isasever, such changos sra of real service casl lasting i^iortanc® 
to the country sa a wbole* Clreat cor^stions of x^^aslctioa and 
industry ero condoedvo to dec^'^ding social cotxiltiarBS, a los^rir^ 
standard of Isealth, higher trensportstion costs and redwsed 
efficiency ii\ dlstributicat, 

Tha adHtaiy defense of a nation is one of the tsational 
gcverjxwjntfe first and for®aost <ktfcicn and all great adHtery figures 
of history have recogniitcsi the necessity of adequate roads for oar 
luitionol defers® netuoi’k, J5s», as never before in history, hi^iways 
taira a new and Eore important Becniixj in t^ sdlitsry scimse of thirds* 
3n years past, IdiO extensive ckvelcipesmt of higisr^'s ht-ve been opposed 
by s<»aB on the basis of yareviding good inroads into the heart of the 
country for en iir/adii^; entxy* lias danger, ^ough it was used to full 
axhrantacB ly the Allies in td:e defeat of the Asia in the pest war, so 
ItKiger is of ary real c<ajsG:nience« Witi: the introductim of the atasde 
boKb inA» werfare, it has becorje c vdlitary ngcossity to use tlie 
highssnys as a rsaens of *ovir^' large rasd>cps of pecple in relative short 
intervals of tbae fresa the cosigcsted areas to prevent their snnihilaticsr 
in raass* So long as tlic grsat-pewer relations shew cyr^ptosas of 
duronic instebility, reductioji to the vulnerability of attack in any 
ssanner wiu tevtr ccsEiends our insediate attention, hcRTOVi. r reluctant* 



VC 9 ee that hl^are^s* influence) social, oc<»iomic and 
ailitciy aUke, on the naticm sa a vholc is insisually is^xxrtant to 
tise VBlfaro of tdie pco|^ of ^^ted States as individBals. 

Tl^o px*otvldiitg of an adequate hi^aray netaxo^ is a prc{)Gr 
function of goremaent and in lawiping -srith this function, the 
late IVanldin D. Boosevelt cui II 4 April 19lil a^tointed a coMdttce, 
to l» knoira as the Kstioiusl InterrogicHial IJiglarsy Coraaitteo, “to 
innrestigate the need for a lisited systen of national hichjrays to 
iE^jTOVB the facilities nosr svailable for interregional transportation, 
azjd to advise the Federal ®orks Acteirdstrattar as to t)ie desireiile 
character of sack iz^rorocssixt, and the pc^sibillty of utilising 
OCS3B of t!ie sei^««er and inchistrial capacity cspectod to be 
avail^le at the cad of the war.'* 

doing thingo better and ^Jre efficiently, livii^ standards 
are &hranced and the liighcr the standards of living of a nation 
sdvEQce, tlio greater the need of hij^s^-s. Adequate higteaya free 
8 nation froa econ^dc stagnaticn, «sirich its socdsl life aai thus 
elevate its standards of living. 

It is to this end that road designers mst look. 13icy Jsust 
be guidwi 1:^ the past, of course. Ttney aust use the present as a 
point of d^ciitare for predictir^ the fataro inenrations s:^ 
devclopneats necessaty in highway ciesign to i«3aln abreast of the 
rapid strides made by the autcaotive Indu^sy. At the ease tins, 
he laast not be afraid to accept a me idea ca* inovation even though 
it say nean, discarding sxi old idea that is ususble but ehich has 
8 veiy definito lisiitetion or is basically bad. On the 
engineer's shoulders ivsfcs the safety jmd cosfort of aillions of 
toericcas. To tMni: end act cesatrary to tid.s» is to waste, for 
a tine, the technological progress iaac5c in the ti'anj^jortation 
modium involved. 



It ha* been arfteittod. kosiBji urithart to raich losa oT fsce, 
tiiat highrragc dcvdopaersts hc.ve not kept pace with tfie tedbiffllogical 
acdvances ja^ie in the auto»otive field. 13ie fault, hcroyver, does 
not lie in the professioisCL Eoility of tfi* er^ineers but 

rather in ■Uie very definite limitations iii^joaod upon his by 
econoEdc, financial aiKi political irrfccreeta. 

To »ce intorreGioniil eysten ss pressed the 

IfctionJ. InterresionEl iSL^^amy CcKssittc© is one tJtini'. To tjy to 
reali^ BJsd vlmialiao its affect on Jbaericon life Is still smthor. 

In peace, a blcKsdstresa <wsr which i*poa^rity will travel. In war, 
acri ©Bcspowcy over Tshich. Ifei&ind -kHI travel to aaintain & rrs^ of 
life. 

«li*rewer two of these esdn arteries cross, whether tsjban or 
rural, there exists the \mcolvod problesi of "directional interchange" 
which if solved practicably, wcmld provide rapid imd contimous flow 
of traffic in tiaes of posce and war. 

It is witli the aislyEis md solution of this |sr<&lca of 
"direct iojial interchange" that the author ^all concern Misself in 
the pages tiict follow. 

The ciy, aoar caul dways, aeesis to be "Speed snd sore speed". 

"Coast to Coast. , .at a S#»FS 70" is not just another pipe droaa. 
It is within tiiis sphere th: t the "dlrsctional interchenge" belongs, 
for without it* solution Ifcrcaay cgsixi returns to hie spatial 
positicai in the rind of Man, 
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SMs itftsdjt 1« %tm rsaolt «JT hf «» 

«xi4x!;le e^i^es±ac, ±n tis« Asbis tsmim sS IU^:^-r3 ce&itXsd 

"I^ssst to Coaai— « safe 70’* hy U^r^so. S^trm. 

^be article saK^ticnsd 4±««e <(iiaeaa9Qd £^lreerti«£ial intarc^xacQS 
as eoe of tfae \2iBie^:9o& fxst£a2mm »f ro(>d cSoa^isri. It gsse 
UIi»tratI«» of tbc misj^cQ hy Mmisat ^ tr&f£l« cl]!cle»-'*SKX«r 
ti»e el^i is insfficisQtf es«tl^) TsaAms s^Bca*„ ead tbs 
^lflr»erlecr'~-"CQnSaB6s drivers vAst iisw to turn ri^it to go left”* 
j61so sham w£s a "ubk i^utioex** i^eh vo^d be we^ ecstly to 
coBstrJCt dac to en eseessivs^y X<s«g raUdahT^ vail os &si£s. sS.ti& dT 
the two level traffic Xanos mi is evm moro vcistefbl t£ 

B^aco, llaemtk'f It voUd limHo « greater voluas of ts^fio st a. 
bi^scT ap»^d pf’oviALng Ito look s£ e^^ma’Snsy cm l/s£% tsmim decs liot 
tmnd to cenTaae tJriver spd tskm doss ac^wsassit threo^ it. 

purpose ef i^sls is to lebs & of tko dirmticticl 

ir&ereJKaace irn^dUaa mi ti^ te t’iovias sowb prsjctieel design iasf & 
directdcci:^. Ij^tcsclosjee tbit4 vill tbe s*iii disadvsrjtr.^^ 

of ti» clovcrlOoTi inefficient use of eaceaid've 

tliatonea of trsvel on. iibm loft tsom sssd codTa^c^ to tixe dx±mr 
esitciled hssviag to turn r 24 ;iit to go 2^ft. 

it is also ti® author*# parpooe to resl-rict hi^elf to tuso 
lovs^ cf traffic Hoe, pitwiie for ssx owaessll ^»s»d of fifty n&lm 
per boor sdniaas tteoai^i the irstorcIi^3®B, cliaer ao grasis to be 
grou-ter tUsB five pe»cce$tt» «s?:sld tie uase of brosseea beck carves* 
and try to svoid tbs use of roverte carves vierc psssilfle but 
viSiem cbscluteiy isaavoldsbls insert ^plriis saci side ef tlm 
psint of reversed curveture to veika t!» treariticas as easy as 
l^ssdble «i tbe river* 

Ste <iirectlcjnal iatcarebso^ dcaigae studied by t’je arthor in 
tbo 00UT30 of f2WpiErati<83 of tfcis ttsssis veTB c«B«iikJS’©l to bo 



sith thB 4SEtht»ra Im&crsp, xipao racssl|3fc of tdie a^sfces&er 
isK» of GCi:::«r lljUKTS^f iS, the first t&isc to CKtc* his 
■aere two of tJso letters to tisj Editor ccwtcinifig two of tfce 
closi{^ ctodicRl, cos of wtich wta the asz& as the cm 

to be c^sigiaed b^rs. Ihe »ae asiSEittod ^ fer, Stan 

cf !lew Yorky Haw fork w& did vat Sfipoer to hs.ve been desi^oed 
fer eptxtds IKK? 1*08 tii«a five pcrc^sfc (gmdeo on U'^ ri^A 
and loft tsrm. ISie design proposed b$r Itr. Oeoroe B» Clnett odT 
little CooptoB, i^joclo 'islmS. would require a fgcm& deal cf spsce, 
glTW a VEST/ laofficioi^ utUisu^on cf thst space* Sa additiesa, 
it cositaios one rmy soplaost l±sitati<^ that would »&ko the 
i^ie?«du «£0 imffoctiwB ct spo&^t lesft-trsiffic 

mst cross when c«sdJ3g oc. or tEjKiiE® off the tbrocg^>-trsffic 
lanes* 

liowever, there id one iq^scrtant ^3ix^ thist tl® &sthor feds 
can be drawn ,frc*a ^sh a eiadlarlty' thought* of 

diroctiasial sdwn rci^3Jdcf»d to a sefinite Tssixr ef 

tnsJSie flctr levels^ be it f?»o, ihrm or foOTj is «s cojArolled 
tjjr ite li^taticm tii&t tlwre are on^ & £m SevasrsisZio «cil«ti<a 2 s 
possible end after a period devoted to the of the lisitatitats 

involved^ the results will be «S!UJ3tly -U® s^so* 

In cKKstfa^' sessaoj t^iis coiaciiisEdv, disccawstdidg as it was to 
t«® sathsr at first# doce alasw thet People sre inbesroot^ is 
peoj^ ’o prc5jl«3S evaa thourji tb^ sk^ be ^itaida their <mx chosim 
field or prcfeeoijaa# sdiich in itself is a vet^ bealt?:^? mstel 
attitude* 
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Leslie isrtateG in iJLs articl«;i can be dom 

about Trarric*^,^**^1i« possibility of ccx^jlotely integx*ating express 
facilities rrlthin the overall plcn of tlie Aaerican City is 
only nowr taking fora. Those cities that have as tiaeir objoctivc Urn 
develo;^nt of reasoniiblo freedom of trrXfic laovorsent, the removal 
fro© the street systeas of traffic detrimental to coiaaohity life and 
orderly developaerrt of xw facilities dopondent oa raodera 
£i 0 thods of traneportatien, vrill feature tht isodera parlos-gy and 
expressifay in tlioir constraction pro^^i’scns* ® 

Ihe incorporation of these syotcaRS into the ovarsH pl(Ji ly 
the vrill nesn the cisploysscat of a lerte of 

intercl'^u 22 :^es throu^out the United States aird a po^actical solution 
is liGcessaiy noar in order to evoid increased engineering expense 
to the project ns a vihole and provide the American people withva 
standard iaterchaigo that iv-ill be cospat Iblo tritb liieir rny of life 
mid the cas»> xsheth«:* located in California or r«rr York Stato> so 
that onco they learn its purpose and intenr^rortongs they i?ill find 
tho±v route by follojsdr^ largo, clear, coacise sic^, approach the 
interclunigc at fiigh speeds with confidence, md be conscious that 
th(^ a r>art of the rcs^fltin^ ssiootli floir of traffic rather than 
a confused part of what was once a laoelstrctft* 

To €jCcos3pli«^‘i this certain corisidcratiotis art? ncccssaiy siiKJC 
it has been e#tisi.-ted ease 1^0,000,000 vehicles will be on the 
bi^^trsyo by 1^S0« 

These considerations can be based on the follcwing basic 
principles* SAFETY, for protection to oneself and property and to 
otiiersj CQ**TIinjOUS H/M, for coafort and conveniencej SPEED, for 
tiro saving <md qixick €*rrival azid EC0I4CEY, for a caving in expense 
to the vehiclG operator as tjoU ac to the governoent buildiig end 
ffi£int”inii^ tlxe richt-of'-iray* 
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l!A«re!Ka^ pr9«l<^3 eaae la X«rge 

bQ^Elaea»>!x>srtia «ss' msch^si pl«S0sr9-aeekxag tibjran^ Xet^vlr^ 
or rvtm.'vAsts to mtz'opoditffa cantors ssc. l» a fs^ctiosxsf the foracr 
tise sltbh »:2i2eU Ibis <Ir«s£^ic -Ilf ceessnstratas 

ef t^'50 intercbaajje ta the v-«vielopE»Gt of saetor tri-taapca-t* 

VjirlciHi fe^'itiuroa sre incarpcr&ted to £*jKsr»ntoe tl'ds sioee 

the Iec^ av£3bsr of aod'&Tits tmna^i^J^ Urm tr>-^fic laer»as«4 

«os« in ilm *4esi,;^£$ of }jd^9r^s« 

tt» elimination of all grade crocsing^s la necess<^ in orier to 
elticirKte ci<03-s~lal<srfercacc. aivlcSed hi^wa;^ or cwcsliiorea 

ce oepstKUt i^Usm are aeceescj:v to elistiit£te aedlsl 

laterfercnoe# cs \mll os reciaciac: iaS;eraftl int«pfer»«ce» the 

of decsEler&lion <±sj cacceleralios laisee Is neoeaogry la 
carJee to j?e-iace tj-as ffiarginrl. iate^fcreace* 

Adoqia.te sigas Blcul*! be ps5vt<fed efficieat sss® of thoa 
jl'sKjlS I* sKjje. la hl^ speed fel^&ssf^y dcai^ it %111 laecaao asccescry 
l» place eiir»ctid®a cm tia lili^asio' we?«*ir 4 : ssirface or on lis^ algr* 

ewer the rc®.’. nt the opproec^-s to «.» iatarch;-affc. Sisae sJ«aiid be 

/ 

placed «cll ti^Msa of & tarn off laac la «»sksr Uxi «srs c«i elieag* to 
ti» C0TJ»Gt trrJ^f ic Iwsc* Jiaco it is Is^jOisihl* to read assrc thin 
two U^sn:m on tio sign ’s^xsa jis.3sis3e at high ^aeed it is useless 
to pat aore. "psirta?:^' Hgiittf” is s rsecoesit^ 

since it is to ft driwers* cytis to lo £nsl»t the bright lights 

of tJj© o;^n&6»t^sfflc etr««» for ira^g ptariods of tias asi asike it 
herl to a£±6 oat tito road aiio.d co cell. lAifuts- that isre on 

the «iattr llae or ito tiao of hadsoo dong tho aedico iSrlp 's&jim ts5o 
hijtot^'-s ere eloso tocetVior »fould eiirdseie this hasard «ad iad,sc«ce* 
Usere is fencml i!griKS6ft.at socad ssfot:? reguletiorje j^auid 
V« tosjrowdj bet iAivm i-Tprowc^nts ssist arcid tw© thLats* C?»» t5»cy 
iKist not t«»'l to licit ^!«ed uoe slew dawn traffic llasr is erg* msxetp 
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&ftr€S3^th *^ack-up“ ccnj^stien will he aroidecU 
Direct intei’^chajige for the through tr^Lffic streaaa leads to 
the rot.ds necr grad© separation stmcturc to 

tho extent that the desij::n©r finds that he io no longer 

ctealinc: with the center* lino of a divide hl^hw^ but instec:id 
ic using separate aIic::Ta»eirt and profiles for one roads* 

Fro 2 i hits experience in tlie design of the Pentac^J^it r.oad 
SfQtes^ aiki otlii?r i>et5?ork5 of the express type of hlidjiTay*, l^r. 

Josox^ Barnett found that **E^:pericnce* ••loads etrc^r^ly to tlie 
conclusicai thsX the entire coxK5et>t of 'diYided hifjbatreys* or 
•double-barreled or •hifjapr^rs with parkway laedians^ 

or whatevei^ tlxey aey be called;^ should be discarded In saotropolitan 
aaroas in favor of a j^'Steia of one way 

T23is wo'ild free the designer and ©ncouri-re hia to think 
in tersus of csxjoth^flCKfing, streamline, direct ircfflc i 2 en"e*acnte# 

SP£DD 

^peod has long been a faetxxr of prijm irportajxc© in the life 
of isan. Since the advent of tlie laacdiirie arc, he has grettly lncroa3<xl 
his ta-rpo of life. Hth increased speed f cccics increased hozerdm 
For nosr, TO mlos per Iwor soeses to be the sux^Xm^ to b© considered 
as far as highways are conccm^^c.* 

i^ccmcrr 

Ixxf annual cost is a consid<^ ration in the choice of 

ccncrot© pss^einent as a wearin f^trf^^e# 

Each projpY^ssive design^ thougii it asay laean addltion^isl first 
cost, it also mens added SiSety to lives and preparty axid in th^it 
pcrtisXly justify the additional expeneo involved* Too, an 
interchange is a aaall pirt of * larfc over all design who®® proper 
f\inction:la;:j depends to a large extent upon t3ie adequ:^cy of the 
intcrebango* A chain is only as strong as its weakest link^ To 
draw a parallel, it rrould soeu thot additional expense wculci be 
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6inc» this is controiy to tlisD general troriid— ^spoed« I\705 sub-*e^stoi::ts 
of roside ineit^c the intercht^^je sl-ioui<l not bo provl?ied fca- people r^io 
sake rilstiiiss in the intorc2iai^o, since orcc ccnfiisetl pc?rson InssLoe the 
inteichcn^^ r«^)ro^ats a hzzcxd to ^11 others pv^ssin^ throonh the 
interclit^^ at th t tlm. Sconc«aic&13y, the added &spex^Q Tor cucli 
a oub-s^^stcai XG not worn uted and e person who does not kncR? where 
bo is c^ing or hm to tJ'iere should not be on the hicviiiiTy mKiiig 
high epeed for he In nothing shxrt of aii ’‘accident, lodkli^g lor sosie 
place to happen** It wovild be better to provide ^t>ull-<jTCr acix:s* 
oxrtsioc tre limts of the ijotwchrnge xAiovo nnlaniliir th’lvoi^ could 
pnll over md Btudf signs and direetdono to their deotln.tion nvd 
then ccjntinue on their 

For eafert^, sia^olicitv eJ>cuxd be Uy& keriK)te of acsign. In 
testing a rosd rjet-xjrk for siaaollcity, it is uiwiee to vicer it co 
a Vfhole, t?felch cannot actually he dom circept from the air# Tlae 
driver secs only th© road that lies ci^ead, the various points of 
entrance exit, nrjd the direction signs* If the rtrate frcca the 
oxd 4 >n to his daetinatica is easy to travel, direct in ehsractet* c>nd 
£rco of sectioiis that coni\ise th© c^river, it Ic la 

design rcgaixUcss of hos* it ax pear on 

C0EK?IIfja^3 PLCJgr 

The express has beco?5%e an eooaoniic necessity >ltere 

heavy concentrations of saotor vehiclos mat h.'xxidlcd* V*coted 
hears, sdHions of tlzcss, i^osult frors conpestion on that 

do not hc^m tlio capacity for steady iljo^ of large vplusaes of traffic* 

The interest nc^ is not so r^rach in hlct^^r speoda esn the 
tiiet le speeds above SlJ nilcs an hour, but rather in contijraous flow 
of tx^Tiffic, 5ii*ice traffic con[,‘cstion i^terdo business ixno civic giXMstla^ 
intersections ssost be conGidored in tcrixa of tl^cir 
capai)ilitj and capacity to acc(xxx>data the jieak loacis to xThich they 
ere or i^ill bo subjected to. If dcci^Tied for peak losid tl^ 



p 



irarrcn^d Just to "sti'cn^then the link” 



AINkmk(BB CUJj^ F(M TIS ”3PIIUL-R0LL” 

OTS €F DIRLCTIOkAJL IHTTECIiAkK]® 

For lr<rce Tolujaes otf traffic cheisj^ing its course at an 
intersection at hif^ speeds, tiie usual types of irrterdianco 
stractures, such the eloverleaf end widely spreai intersoctionj 
would mt be aj?prc^riate and decidcly inefficient# A clcrv'erlccX at 
best not the solution, since the high cost of rici^it-of-wey sdlitatcs 
acainst the use of either the cloverleaf or the othor wldyBsixread 
typos* 

Tlie ”»piriI-roll” design CP.ves laimsium lenf:Ui of travel for 
interchangiiig trcifiic, adequate capacity for lar^ rsrs^rs of 
vehicles durinf^ peak periods, ajid slinplicity in design, providing 
natural paths of 

The feature open to the ijaost criticise will be the use of 
eight bridges and tire Justification of “Uicir expense* !?ithout 
further stuCy, no justificr.Mon can be given except thet, ifsorae 
of the interchanges projx>s^ are considered ecorK^cai vskI arc to 
be bi^Llt, then this design is just ss cconoKdcal and Jxict as 
practical*. 
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Fig* 2 Basket-weave 
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CLCffmx/j' 



The main fanlts of the clover leti havo alrea% boon discussed 
sDd the oidy re.:, son for repeating then licre is for the purpose of 
cca^arison with t}ic des±[!ps JitudLed# The »oin tUsadvairtages at 
lii^ speeds are tlie coafusica caused Uw driver liCTiag to go 
rirht to t\xm left^ tho e^cccesivo area required, wasteful utilisation 
of this apsco and excessive distm^ce of travel on tli© loft turn* Its 
one adventaf^ over all other designs is the frict tliat one bridge is 
all that is necessa^ to separate t^io traffic lanes* 



With IjsZI Tizrnii:^^ Circle 

!Ibis design veoydxQS four bridges to laakc the traffic soj}ar< tions# 

It c^H5i-nd3 excessive area also} but the reascan for discardir^'' tliis type 
of solution was the fact that left-traffic try to cross tho 

tliroui^^trsiffic lane© to correct a mistalae mde in dircctioru The 
main reason for dovclopin-’ this type was to linit the nusiber of bridges 
to four* 

BASKBT-.^\VE 
^th Transitioned Left 

Liiaiting the design to four bridges and using trrnsition on both 
once of the left turns iiv^reasod the area nsore thc;n rre^ desired* 

Designe with eight sad twelve brid$;es vrei^o stisiied and the best solution 
obtainable by this method is using four bridges for the throu|:J>*traffic 
and four skewed tunnels for the transitioned far end of t!ie left turn, 
taking the left turn ne^r transiticn off after passiir* \inder the last 
throu^>-tr ffic bridge* The uso of eight bridges and tho excessive 
area recpairc! 2 en..s were the reasons for discording this type of design* 
liO grade limitatior^ were found in any of the designs above r^h} 
but >when speeds belar So iMh were studied, grades went above the S percent 
limitation imposed on all designs* 



DOUBLE 

i^tii Transitlonod Left 

lliis design is ainil;zr to tho dcsi^no shoem in Figs# 1 and 2, 
differing only in that the left turns s:re SL*de in the area inside 
the througli-traffic lar»s. bridges of the saj» cegree of 

akoer would b© required to do this* The raost sctIcus lirritaticai 
this type of desi^m, outside t!i© eaccessi^**© reqxiired, is 
the steeper grades nocess^ir^^ All grades on tlie left turn are 
down grades and UiC dictariwj beteecn the iiaiter network bridges 
rules the entire size and s^spe of the design* 

It Tras again aeeeoscr^^ to discard u ctesinn duo to definite 
and uJKtesiravle Iisd.tationc* At this jK>int> tliou^di, one fact was 
apparent~no satisfactoiy aystea could be designed witli less than 
ci -ht bridges as long as the design was lifted to two levels of 
treffic and as lor^ as loft turns hnd to turn left* 

SPIBAL-'HOLL 

Circular Eight and Left 

An entirely differsnt approach to the problcsi led to the 
dcvolopRcnt of tl^e design €ho\n\ in Figure 5* It required less ai^ca 
for any design speed than ary other desipn stui^ed and was done 
with only five bridf.;os* ikiwever, four of these bid.dges lud a high 
degree of skm and iiot until the **8ii^ler-ccluaai” type of brioge 
entc::‘cd t^'ie stu^^ did it seen practical at all. T!i© reason for 
discarding this dcsifyi was lack of trencition on the rig^it and 
left turns. Ckie advantego thou^^ that might be aenttoiod here is 
th^t both the and left turns can be ciado on a I'.orisoirtal grc-idc 

and be brought as close togetlicr as desired, provided t}iat the 
6^JLfting for through traffic, do.ie tl^ Ijrldce at the approach, 
is done far enougli back in the right-of-“?;^y so as not to Xirdt the 
p:"ades to values alyave 5 percent* 



'Tr^msitioned ri^ht wd loft 

This Is the design fincdly used er-ci 1« tSio outerrawth of loe&o 
gaii¥3d in the of cH the otter types# SesentirJJy it ic the 

nsKB oa that ehowoi la 5| out trejisition employed on both 

ends of the ripht kt^ loft tvrfis# Tl^ls gave in dcsig7i and 

stsEplicitjr in transit, Only one easnei^ iKuoies? stporoprintc bDr©, cince 
the interc^si^ will be Clmi\Bmd acarc fully in th<p^ p^es tlirt foliar. 

Depending upon the degree of tl^e Intorecctioa whore the 
traffic pesecs error the opteeedp^tr^^ffic, a lot can te den©. Hiio is 
tho one thir^ tliat controls the entiro design. For purposes of this 
work 30® was ussed as » tesi?n value arxi it scored to hsve vr<a"ked 
If yoM aiwi willing to eccei>t degrees telcwr thirtytte sres can be cut 
down mC tho t^o thro\r[h-trs»f fic laiies can be brought clo^^c owugh 
to^^ethcr to Bake tba elinln^tion of the f crar brif%es in tte center 
posslhlo £.nd their replccemeiit with ca^ bri^ige eaT^^?bie of h;ndr^ing 
four Irenes of traffic# 



Test, cf xar££aK?riai 

eia^xeo hav« b«en broseny defii^d aa thorcrughferes 

with orf«fir?t traffic atrcaa* separated, lulth grade aoper&tlisa 
elisdnjrting sH ce* a 1 rg^ }*rt of cssaaod cross 

traffic, with coot-rolled eatry sad exit poiata and other 
f acllitisB ia dsgrso for persd-ttia^ large r»aix;r8 c£ 

b«hi(^s to ame steadily end acf&iy* 

fho iatcrsectioa is ssowed to he bet^'oa taro t8o-l^no 
divided ex^axtss liij^wys, Izstcrmctinz at 90° or nearly so, 

She ppopeecd design is of sroci: few* tbit cay eKces4.ive volttse 
of iliw ia 0 sy one diroctioa aa atwjwn by the tareffic ooj'vey of 
the iKTticuifcr site wnicr eoaslrferatioo css bo allo««l far by sser^' 
mSdint tr-ffic lanes li tbst dircetiua witboet heving 

to i«'Q the bosic car r«s:ts:y tl» pre3jlsa6* 

die ri#t J>'«d iajrEs jseib deaigasd fes* c y-oed of fifty sdies 
jsor hour c:i a Isrel gr^, asiag trms-Jtlos sfc both ends, ?o «a<c« 
the rieJ^t t-om tbe drlij^ siisply ot-ys in the vinht loatt <«5 ths 
to the irrtsnf ^oirrs ajs. foH«?s cci to t'ae ri'lrt as signs 
will indicate. 

to ssahs tJae left ijand torejs, the chrirer stys In the left 
lane o» tl» ■wpprtKxCi to the iisterchaago, passes over tfco osposed- 
trf-ff ic liaes with the jscrely betide Ic^'t va 

indlo^t^ by signs alos^ tho sii« of t!ie road or oa the rosd 
msrS„vca itself, iSie left Iv-nd tujtis *re -desigiKsd for t^"!© erno 
os the rirbt h.^nii tumj bat e dears f»*s.d* of 2 percent is 

used. 

fh« througb-treffic of the two bighwys ia accosraod.'itod st 
different olewaticaw to evoid iaberfcrcnce. It is fessaaed that 
apacds or. the ecasi:^ to tJie iBtcrcI’.eng« will be in the 

aeigyborhood of sevei^ty adlee pei* hour, the curstss which fora 
til epprocch to tlie intcsrchfcn-'e are dosigarj>u lar a ^>o©il of sisty 



nlle« per bc«ar to c^asM; trrXfic to elm «!dlo Uixxiafjx ike 

icterchaa' « ejid to cvoii isi aSmgit alxar 6asm for tl’sose «iefcir?' to go 
to tiM3 rictrt or left, «feis± if eHee^od, wodi is turn oaase ti«s titroosh 
tr^fic alow dorm* 

The »JLa bij^ss’-ys c(»»isft of £mir Ijmss o eh brii:?: t»el-TO feet 
wide, aepftrated ia p*dr» by a eef*r?l diridlrig strte wheo c&ssi^ 
close to.'’,«ther, other-'lse, asnsidfered sa safxer.ts higSari§'a tM 
taking ads«sjti<B of tisny topoct'St^cal foitrsreo «f the area isxler 
eoc^dcratiae* 

Sje & proiehsa to tie tatareliKjgei are ccnstcksT-xl to iso adtldn 
t&e lisite of the rl^rhl^-of-'^wrgr standards reocasisBaiasd ty Ippoadi* 

5, taaise rJocifflK.’.at t*o. 379 oa the “Basic Bteadcada for hool cjici 
atriicturci Ijesl^ of Hgfartys*. 

UiB widths «f tarn® tro tJeatgaed for Oi» trs^ie l*.n« sad 
it is sassss^ tisit tJiffi 0 rs dll ^-asa fre® tteo 

lanso ia eij^is fils, *t t5» rsite and ^son shiet tlse l^seoreticsl 

c^psucity is bea^* 

The mvk la^alred is this thesis iijcladsas aadysl* of aoveral 
otlm* designs stedlod befars ael^stla^ u final derlra to ccG^dete, ti.e 
©a^sle-t® aesign of Use heriaoatel at ^t.iOi-1 5e.li,!;3S3i.'.r5S. 

Spaed pesdmp-s is one «f tie acRSt iapiorfe&nt factors t»? be 
exaasidered siace *11 eccjiadc aoelyds ii.aml’vtss «>ee4 oae or aoofciter. 
wither hr loos dm to ecssjestion, l^eJs ^ i-bility to ati® tisae, or tlie 
giia fr«^ 8»viJ3g t,i3ae. 

kne iaportiait in atKJthcx* oeeoe is aiSet^ ftsr ..ithc-ut c<*K-iv-te 
etfety at desigyi il«: intercU.a:’s redd be ao uj® ^siter r» 

Using a i^^eed of aUcs per hour as a Kini?aK< >Jes4gn la’ced tl;rou£;hout 
the iKfccrc-a£!«ie g*ve lor^ SHeepir^. curw,s tt»*t hove trsnsiticTi et <"-db 
•ad to giiRi er-cy ei'.-S'® of .iircctioia to the driver ritijoi:t dlocssafort* 
althcM ^ caanra* cliada. tod it* -•ossibillty of ?- ca(^?*ct desi(3i 



the ri^zt «3xi left turas wsd^ spps-ey to t» caa^itric o»' tis® 
srea bstaeort tb<Ei ccsilo proiM&^ stllijseti to fpod JicJmia- e 
CBWWTcl-*.! irstsraets for riaets, hot-*hop,<Hi, dri'se-iae, 

filling et-tloiw hs%j t=e3i.^s». In f^ct, the i»tcrc'**>t^ aifit in 
tlae iSevoXo'ix into «n aitr>»3aik^^ miaurtan afeoppis^ cmitteT slid 
tints Justil^ part of thp iaiti«i eonetractican ooxts •*« sfell ?s 
f&KfsriiJB & tax base »cit» ttuM onoi^ to tideqaately saint, .in it-« 

i^rnwtZ7 ims iacd.irtaiae<i in both horlscsitUl ■hiu 
sUx^/tii^ «i-fc the csca^^cn of tho tl:rGC||s-traffic lenes •ahotra 
teo are orer tasa 1s»o raioer. the *^oiJ8l®t-Hecv«’’ coalh fe'-ve been 
used here to .’ive Eyaaets^f in vcrtiotil tli,»trKsd. «tt th- s-ma 
recjuired to k&ai slopes ait*la the .nlloafod 5 perectit aould hevs 
bo^ jarefeibitive, 

CScMstinKoas flew of tr f'fic vza coitsiJcT^d to be an eassstiel 
to ths bet ih’ osr'jes wpse to set »s a asans of sde^ing 

ft driver down to *. 3D“ vhen caterit^ the issAsrebaai?®* 



SETS LXA.TK3J 



The sfeaien as afiostm is not for rgr r*".i*ti«clcr lec Aon> tissu(^i 
it could e*?«ily emx^ bo to a lsc«.tioa* Vartio&d .•slipt^ejit 

Tiae caajaatod oa the basic of a arro d..tu!is pl:>-i«» 

Tar fairly Icrsfol th: cute c «ltt sede to fodufsoc the 

fills «Rt. for otbm* locations the vortiaal .'lifsrKrat could 
sodified eo »B to taka of fi.vca*'Jul© tsr-ocr-phlc fcttcrec* 



Adequate cirfti»<r© can be ^^ocapliiJwv) by jat^xa* ra* of ti.4s 
slt^s* StgwsKjls'/atioo on carves, p«r...bolic crotm cni tr* acin retidray 
ftzsJ the vriticcl sr *»s ^Lll as^ly «ies|u»le dr*i.n f« Xcr ti'*e roaoc^ 

In ti:acs c£ axooBsiVEl; Swivy stox'.-* or heavy atonss of siicrt cxa'-^I-^ 
it will '«s isjccesi*-- to desirr* tir sL-t^s of t»-.« inci'~e the 



ItoiDs Tor ponding^ 

Efficient Crainc:.*re Is ir^TOrtCuit sixsce t:se life of the hiritsri^ 
depends upcm it« In this of deeign the drc^xxef'e is of particular 
iaportonca, othcrzdLae the interch^r^e laight be c<snpletclj flooded out 
in oT^e directioru 

The problem beccKaeo gcktksIv t involved in that the hl^nxeys 
for:a possil>le inpoizndin^^ areas yliich vouM hivo to be drained 
by the U30 of pir>e to Urn <Tvitside drain: re <atchos alou'-^de the 
hl^Jasroy or loir spots ner-r tha iirle*rch^nre, 

Yx> •sretrlng surf cce iras designed slneo it woidd be besod only 
on assijcsnd values and serve ik? purpose in this wrk« 

ihc uiJO of |^itlar4d cezta^nt concrete slal) pavoisent througl out the 
irrtorcht^C^ isj r<K5o:.T:^xdcd* 



JOTKL COirSHOUTICll 

Tinio did not pcmiit -Ui© eoa,.-letian of n m>±:l of interchoiii^ 
£is dcsigis^cL TliO intciclioi^o Is siaple in dbsir>x and iK>t herd to see 
in volu^ after a bit of but n 33ode3- would siako such c. design 

etixicr to understand eM dio»r t>ie gcmrcl cpi^arance, solutions of 
details, sise end propcrticaiing of parts, neec^d treat'^^nt to i^ure 
45pprqpri:ite x^iiv'Ofuikling topoprai^hy xmd the overall plan xind t^pe of 
beautification si^d Inrsdi^aping, Also a model vjould serve to <'ivo 
estissator am contractor bettor ideas of is expected of then and 

affect tdcir blddit^ eccordljiiflj, 

3EIDGS IESICEt3 



Sight bridges are requiraa iji ifll. 7ho four thrctzgirtraffic 
bridcos ssaculd of tae i’igid-fr--.JO, reiiif •'rcour*com:rctc tyv:^ on 
accoxint f their ecoxicsiiy cmd ^iptability to Vexious architecturul 
trost^ntsy 
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The skes* bridge* at first considered to be the lisaltii^ 
fi^or in the adaption of this type of dosign^^ After reading Finke*s 
article entitled **Single-*Coln:.3n Viaduct Eliaimtes !^ed for ^:&vr 
ho¥?GVcr, it appear* that a sirsilar of atructuit^ could be designed 

for this puri^ose# BesciitiaLly it be a road»".y si:»portcd ty only 

t5?o colijcns iriLth cantilevered enda* This '^ould gliialn^tc ti^e use of 
retaij'd.ng walls «jrid the cssbarfciexits c<mld bo graded to soene desired slope 
to fit tlie geiwsl l:.rtscar^ sohe^^e# 

By using i* percent slopes on rosdprays at tho cpprcacbcs> ei^ough 
elevation gaii3ed to provide six feet vertical distance for the 
bridge atructuxe floor cx^ roac2>ed> glvirsg a lU foot sdinmci ovex^ietd 
clearance* Dorisontal clcioranco to strvjctxxres recoor^nded a* 
follcwst 3 feet to r-llings^ 6 feet to abutr3cnts> piers and the like 
witl^i fesT exceptions* 



ESTIMi^a!: CF CQJT 

It is difficult to aria? ary cost estimate for this ty^pe of design 
dt^ to the variation in the co^ of sjaterlrJ^ on labor. Ikm:vcr^ it 
is felt thi^t the oTeralX cost would not be gre^t as tlie four level 
design v^.de by Qrvssim Panchorst for use in C?illfornia* B^ey plc-n 
to spend $l,TQO^QOO for the structure alone the design still Uio main 
disizdvarrtare of intcrchauf'es to d.tej n*-*»ly^ having to go rl^t to in like 
a loft turn* Thero will be a in rlght--cr--way cost hy use 

of this type of intorc’tange future savings in opei^atii^: costs hj 
the structures involved as coc^ared to ether typo arc lari^ eriou^ 
to retire ary xKnedl^te excess construction costs leltbiJi a relatively 
short tioe* 
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Ti» horisontel curves for tlio interchain sre all designed for 



hish apoed and have transition at both eiti*. 



Approach curve 
Sight Turn curve 
Straightairay curve 
Left Turn ctave 



60 



550 sph 



IbdLt curve 



70 E^jh 

$0 

60 



The required radii for different speeds with censidarations 
for guperclcvcticn wei-e based an tiio foi«wla: 



V • tiie speed of vchicls in niles per Isjur. 

R 3 tlie radius of the cxsrve in feet, 

F *• tijo side frictiem f actm* 

Using 6 aesi3®ja superelevation elapo of 0»10 and & gcad.aun 
a«f« foettu* for frlctioii:;! resistanco of 0 .I 6 , tlic ffitniasEa safe 
radius o£ ciarsrature can bo c<s:^it«d fro® the formulas 



For speeds of l5o and 60 nilcs per iiour, mirves witii radii less 
tliau 6!i]i sad 528 feet, respectively, should not b© used. These 
corresp<K3d to curves of 8,5® and 6,2°, respectively. For a speed 
of 70 vitles i3cr hour, a l<wcr friction factor of 0,Ui end e 
aE0d.Bam sox»crelovaticui dope of 0*10 re»ilt in a ninlKun safe 
radius of 1373 foist, radius comsspondlj:® to a curvaturo of U,2°, 

It has been ciraaoa practice to a^crelcrvcte pavorscnte on curves 
to couxrtersct aH tho contrifagal fCBsce of a vehicle trsvcling st 
an assuaod speed, Decemso of practical lia-tctions on the aaount 
of superelevation it is not possible to coc^seasato fully for 




idwre, S “ the supcpclevatiisi in feet per foot of width. 



R s 0.25872 



centiofugj’l i*orc« on diax^ cispves as it beotsJiBS necossexy to rely 
vpaa friction, in a<3diticHi to euperclovc^icri, to prevent a vehicle 
froB slidJjiG outwcasi. 

The scqwrolevaticn volueo are based on the assua^jtioo that 
all centrlfuscl force resaltinf: froe a s:peod of three-fo«rtl» 

•f the dosicn speed is counteracted by t!ie effects of Bypcrclcvstian 
up to a aradnegi prscticablo lissit of 0.10 foot per foot of utidtli. 

On la,^h»fays withoirt transiticaM the s-verago driver trareliEf' at 
t!jo laesiraKi speed for which a c'orve is dcslEncd finds it difficult 
to confii» his vehicle to his traffic Irui® and aairitain a usdfors 
speed aivupd the curve. Hiis cncrcachracnt on adjacent tx'affic lanes 
creates a troffic hasard I»th to the thdver mi to otlajrs. 

To avoid Ihis haserd traxisiticai carves are <^lcyed at both 
ends of ell carves, en^liag tiie driver to i^intain a unlfora speed 
aroarai the curee and at the sxne tiiaa, eacenrage hia to beep 
within }d.s oaa traffic lam. 

'Hjo transitiaos as dssicned are considered to be Icng enen^jh 
so tliat at tho epoed for idiich 4^!e curves ere dcsignsod, the drivea’ 
is ellowed encaii^i tisae to cIjsi^q froa a strsif^ to a circular 
Kotion ly turning his wJxeols grsduclly and to earifc 3nto the 
circ’ular part of the curve the Hcits of the occi;q)iod Isne. 

At tl» sfflae tia« the driver feels the devaLoi:«jnt of tho centrifugal 
forco graduelly, causinG no discaesfort. 

The required longt^i transition is based on tlxe follosring 
formulas ^ 

Is = 1.6|^ 

wixci’s, I. s tl«3 length of the spiral in feet. 

1? r the i^cd of the vehicle in railes per hour. 

R r the radius of the curve in f'^ct. 



^daixlng of tho ctirwa wss based on the fox^:nila: 

w - 2 (r. - (e2 - 

where^ ^ ss the of tbo roadsray in fe&i>* 

E s rsdins oT tho crarve in feet* 

L zi the lex:^:th of tho base of tlio vehicle 

in feet# 

Using ft i»heel of 20 feet, as rccorasieadcd \r/ the Asiorican 
Aoaociatiem of State CsCficitls* ccsasattec on road decign, 

223d replacing tlie 35, ‘SiMch ie probably a design speed, ^th V, 
the follofefing for^jla is derived^ 

W « n(R - (# - lm)h + 1 1 

Inhere, a - the nrsshor of laiios under consideration# 

HiO cbovo f ortiula was z’ecomaidcd by Mr# Josopix Ban^tt in 
his ^IVaiisition Curves for Ha further states, ^Present 

prsctico regarding the degree of curvature bela? idiich no yrx^tdxi^ 
is rffc^uired varies betw<» 2 n 5^ 6®— cP# It Is suggested idiat m 

p^raont requiring less thm 2 feet of in accordance with 

the foxnola be widened# This results in no widaning o:i two^lane 
peves^^ts on curves flattei' thsns 



\p 


for 


70 Ei>h 


5 ° 


for 


60 


find 6® 


for 


50 q?h.« 



Tests ard observations af driving habits ii^cixt45 tiuxt for safe 
aikd comfortable didviJi^ ft t 2 raffic should be st least 11 feet 
wide# Since tho author chose to use a twelve foot width in th^ 
design, it will be ixecessaxy to widen the single l£2V3s for rifht 
and iGft t\rms to 23 feot# 

TJieoreticxOL capacitor of traffic Isnes «fas oovxija^od by a 
farjiula recomoixdcd by John H# Baterosn iu his text, 
iiiginecring. 
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K « 



wiiex’ei ^ sussber cf vchlcXoa per hour. 

3 r tiic cpe^ of the voliiclas in jdJIea hour* 

C ::: the clearenoo between t»?o cmssccutivc 

Toiixclcs in foet« 

L z th© len^h of Teiiicle^ In feet* 

Althoui^h te** Batessen has rocj^sKsncled the assujs^tiojx of Ig feet as 



&v«t^c0e lor^h of vehicles^ the Ckaxsuncrs Bcse&ixih ArkOt^'^uis 
of tills yo'.x shewrs the 15^7 passcnis^^r cars to have an arcrar® 
len^jfch of a^ro:daa;.-teXy 18 f<^t« dtli the c^roat o£ ti» tinjclc^trsller 
for cc»smrcial pixjrposes on the Ixi^wcys and tills :"ncrease in the length 
of passenger cars in isdiid^ the cxrthor has selected 18 foct to be nmd 



as a kBsign valac^ 

Ihe aexlsaiss safe tl'Bsoreticcil oqpacit^ for one traffic lane is 



based on the forsjsulat 




ehcre. 



S » the stoppii^ distance in feet. 



¥ = the ^>oed of tee v^ilcle^ kt t^ie tirje of 

<^«orvin(>' tlie obstacle, in ailes r^or hoisr# 
t r tee total reactiem t±s^ of the criTcr :ln s^s^hs^ 
s, *8 the rate of <^5celcration of the vehicle, in 

feet per second per second,. 

for co^Hitir^ the cleereme botJsfecn tsro consectitive vc^iicles, since 
tills clecrence is cssuricd for daeign ptxrposed to be cqu; l to tlie 
sdniraca stopping ciistance^ 



The stopring; distance of a vcliicle depends iipon the slg:l:it 
rcectioti tine of the criver nd the brake reaction tmo^ For 
purposes of t^nis design a rtjcction tiia© of h seconds is kssisncd 
and a docelcs'stion r^^te of 9 foet per seccaid per secon^ is used. 
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as recommendecl by Mr. Bateman. This rcsuLtcd in the foUosring 



values: for 


50 nph 


19$ feet 




60 mph 


2k9 feet 




70 mph 


308 feet 


UsiTig the 


above vcilucs foi’ clearence between two consecutive 


vehicles in Bateman *s foimila. 


the following capacities were 


obtained: 


50 mph 


12i\P cars/hour/lano 




6o uph 


1190 cars/hour/lcrte 




70 mph 


IlUO cara/hour/lane 



The thro\igh-'traffic lanes are 2?U5*66 feet long, right-traffic 
lanes are 1188.88 feet long and left-traffic lanes 966.6? feet long. 

The overall horizontal alignment ^yasnade in accordance Tilth the 
recomniended standaixis of Mr. Josoph Barnettes ^TraJisition Curves for 
Highf/^s”, whose main object in writing the book and designing the 
tables was to make it as simple and inexpensive as possible to design 
and locate carves with transition as used in high&rsr,'' design. 

Tifithout such a simple method for cos^mting the horizontal 
alignment, it would have been inpossible to have studied so many 
interciiange designs and modifications in the time available for the 
work. 



A, 



\ 




P.I. Point of intersection of the main tan^’ents. 

T,3, Tangent spiral, ccmnon point of tangent and 

spiral of near transition. 

SA. Spiral curve, common point of spiral ^.nd 
circular curve of near transiticn# 

C. \ Curve spiral, cojnucn point of circular curve 
and spir\-l of f^tr transition. 

S.T. Spiral tangent, corr.on of spiral and 

tangent of far transition. 

Radius of the circul*jr v'^urvc. 

L3 Length of spiral bet'/reeri T. rnd v.C. 

L Length betvr^r^n T.S. and .any other point on spiral. 

Tg Tangent distance P.I. to T.""'. or S.T., or tangent 

'-list .nee of the comj'.lete curve. ^ 

Eg External distance P.I. to center of circular curve 

portion, or to the S.C.5. of a curve transitional 
throughout . 

.''.C.S. Spiral curve spiral, comron point of both spirals 
or midpoint of a cur^/o transition:! throughout. 

] .T. Long, tangent distance 01 spiral only. 

.1. Sh rt tanreiit distance of ripiral only, 
straight lin^^ chord distance T.h. 



T 



to r.c. 







\ 



p 



Offset distrxicc from the of P*C» 

of circular curve prod^c<Ki^ 

k Distance frc«!i T.S. to point on taixr:!eiit 

c^poaito tlio P#C* of Usts circular curve 
produced^ 

Intcroection isigle betjrocn tangents of 
entire curves 

Irrtorsection ancle bctvraen tangents at the 
and at the C#S# or the central ai:^le 
of the circular curve portion of the curve. 

©g IntorsGction angle between the tangent of the 
eoKplete cui*ve a:r' the tangent at the 
the spiral angle* 

Q Intersection sngle betwrecn 'Uic tangent of the 

ccRc^jlete curve and the tangent at oth» 
point on the spir^, the spiral sjnglo of 
other point. 

Degree of the circxilar curve scan© as dogToe of 
ciirvaturo of spiral at the S.C. (arc dcfimtioii). 

D Degree of curvature of spiral at sixr/ other point 
axi spiral (xirc definition). 

^ Deflection angle from tangent at T.S. to S*G. 

ji D«floction angle frosi tangent at poirrt on 

spiral to extf otter poirrt on scii*^. 

€kx>rdimtes of S.C. and meafforod frem the T.S. 

x> y Co(n:^Iiiiat8s of any other ooint on spiral from the 

T.S. 
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Illmii^lf ' 



FDIiCTIOliS O? TiUKSmOIS 



i^Jproacii Kight Strsiif^tcwsy Left Ssdt 



4 


20° 


80° 


30° 


60° 


20° 


s 


60 ri^i 


SCfc^jh 


70*^* 


5C*sph 


6Qcph 


2b 


5® 


9® 


h° 


9 ® 


5 ® 


Ts 


352.>5« 


688.85* 


5S}.92» 


520.67* 


352.55’ 


E® 


21.00 » 


202.10* 


55.I4O’ 


105.30* 


21.00* 


is 


300.00* 


300.<00* 


l^DO.OO* 


300.00* 


300.00* 




go 


53° 


Ht° 


33° 


go 


Xc 


100 .(X5* 


588.88 • 


350.00* 


366.6?* 


100.00* 


R 


iHjO.OO* 


637.00* 


1U32.00* 


637.00* 


1116.00* 


ir 


2li.00‘ 


13.00* 


2ij.00» 


13.00* 


21.00* 


«* 


7*50° 


13.50° 


8,00° 


13.50° 


7.50° 


p 


3.27* 


5.88’ 


h.65» 


5.K5* 


3.27’ 


k 


llv?.?!* 


lh9.72* 


199,67^ 


U9.72* 


119.91* 


xc 


299, h9' 


298. 3Ji* 


399.22* 


298.31’ 


299.19* 


yc 


13.07* 


23.l4?» 


18.59* 


23.37’ 


13.07* 


1^* X • 


200.16* 


200.58* 


266 . 91 ’ 


200.58* 


^.18* 


Q n* 

X * 


100.15' 


100.53’ 


133.58* 


100.53’ 


1£K).26* 


x*»c» 


299,1V 


299.26* 


399.65* 


299.26’ 


299.77’ 




if u 




P.I. 

T.S. 

1 

2 

3 

li 

5 

6 

7 

8 

9 

S.C. 

C.C. 

S.C. 

9 

8 

7 

6 

5 

U 

3 

2 

1 

S.T. 



APPRG6.CE CESra 



StcticHi 


Deflection 


69 


6I4.70 


■ 


86 


17.2s 




86 


1{?.2S 


0-01.6 


86 


77.25 


0-06,0 


87 


07.25 


0-13.6 


67 


37.25 


0-2l}.0 


87 


67.25 


0-37.6 


67 


97.25 


0“SIt.6 


68 


27.25 


1-13.6 


68 


57.25 


1-36,0 


88 


87.25 


2-01.6 


09 


17.25 


2-30.0 


09 


67*25 




90 


17.25 


2-30.0 


90 


lt?.25 


2-01.6 


90 


77.25 


1-36,0 


91 


07.25 


1-13.6 


91 


37.25 


Q - Sh.S 


91 


67.25 


0-37.6 


91 


97.25 


0-2i{.0 


92 


27.25 


0-13.6 


92 


57.25 


0-06,0 


92 


87.25 


0-01,6 


93 


17.25 





P.I. 

T.S. 

1 

2 

3 

U 

5 

6 

7 

8 

9 

S.C. 

c*c. 

c»s* 

9 

8 

7 

6 

It 

3 

2 

1 

S*7. 



HIGirr TOKK CURVE 



Gbatlcm 


OeUectlon 


97 89.11 




91 00.26 




91 30.26 


0-02.8 


91 60.26 


0-10.8 


91 90.26 


0-2ii.l; 


92 20.26 


0-U3.2 


92 50.26 


1-07.6 


92 80. as 


1-37.2 


93 20.26 


2-12.U 


93 ljO.26 


2-52.8 


93 70.26 


3-38.8 


9li CX).26 


1^30.0 


96 9U.Ui 




99 69.1U 


li— 30.0 


100 19.1U 


3—38.0 


100 1;9.1U 


2-52.8 


100 79.1U 


2-12.U 


301 09.lJj 


1-37.2 


101 39.U 


1-07.6 


301 69.11; 


0-U3.2 


101 99.11; 


O- 2 I 1 .U 


102 29 . 11 ; 


0-10.8 


102 59.11; 


0-02.8 


102 89.ll; 





P.I. 

T*S. 

1 

2 

3 

h 

? 

6 

7 

8 

9 

S.C. 

C.G. 

C»i>* 

9 

e 

7 

6 

5 

U 

3 

2 

1 

S.T. 



SSTvllGCTiywl’ 



Stiition 
100 00.00 
9h 

9h 55.08 
9k 95.08 
95 35.08 

95 75.08 

96 15.08 

96 55.08 
96 ^.08 

97 35.08 

97 75.08 

98 15.08 

99 ho.m 
IQl 65.08 
102 05.08 

102 h 5.08 
102 65.08 

103 25.08 
103 65.08 
lOii 05.08 
lOii 85.08 

loh^ 85.08 
305 25.08 
105 65.08 



aeflectdcm Aa^e 



0 - 01.6 

0-aS.li 

c-25.6 

0- JjO.O 
c-57.6 

1- lC.It 
1.4(2. 

2 - 09.6 
2-1^ .0 

2.4iD.O 
2 - 09.6 
l-i}2 Ji 

1-16. U 

0-57,6 

O-ijD.O 

0 - 25.6 

0-lU.li 

0-06.U 

0-01.6 



r% 



f 

f 



w 






P.1, 

y.s, 

1 

A 

C 

3 

k 

6 

7 

8 

9 

S.C • 

c.c. 

c,s* 

9 

8 

7 

6 

5 

k 

3 

2 

1 

S*l\ 



IJSFT T®IJ CUETO 



Statiott Daflectim At^le 



99 


liu^a 




93 


93.8$ 




9U 


23.8$ 


0-02.8 


9h 


$3.8^ 


0-10.8 


9k 


83.6$ 


&“2l4.»U 


99 


13.8$ 


0-U3.2 


95 


143.6$ 


1-07.6 


95 


73.8$ 


1-37.2 


96 


03.6$ 


2-12,14 




33.8$ 


2— $2.8 


96 


63.8$ 


>36.8 


96 


93.6$ 


Ij— 30.0 


96 


97.18 




100 


60.$2 


b-^,0 


im 


90.$2 


>38.8 


m 


m,52 


2-$2.8 


301 


$0.$2 


2-12.14 


101 


&).$2 


>37.2 


:W2 


1D.$2 


1-07.6 


102 


UG.$2 


0-li3,2 


302 


70.$2 


0— 2I4.I4 


103 


00.$2 


0-10.8 


103 


30.$2 


0^02.6 


103 


60.$2 





P.I. 

T.S. 

1 

2 

3 

h 

5 

6 

7 

8 

9 

S.C. 

G«C» 

c.s. 

9 

0 

7 

6 

5 

li 

3 

2 

1 

S.T. 



EIIT CUEVH 



Stfiticai Iteflection Ai^le 



UjD 


15,ii6 




1D6 


62,91 




106 


92.91 


0-01.6 


ID? 


22.91 


0-06.0 


10? 


52.91 


0-13.6 


107 


82.91 


0-2U.0 


lOO 


12.91 


0-37.6 


308 


hZ»91 


0-5l;.6 


108 


72.91 


1-13.6 


109 


02.91 


1-36.0 


309 


32.91 


2-01,6 


309 


62.91 


2-^.0 


110 


12.91 




no 


62.91 


2-30.0 


no 


92.91 


2-01,6 


in 


22.91 


1-36.0 


311 


52.91 


1-13.6 


m 


82.91 


(^5h.6 


312 


12.91 


0-37.6 


112 


ij2.91 


0-2ii.0 


112 


72.91 


0-13.6 


n3 


02.91 


0 - 06.0 


n3 


32,91 


0-01.6 


n3 


62.91 
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ill Isagifcadijul slopes to be loss S%* 

taro gn;::!os coosriast, t2ie gr^ lise Is rounded off 
b^' t^ie ^stillsstion of & Ti3rtle.--1 curve* !T!be Is used 

for the vurtictl. curves la tr!:ls dstdga siaoe Its a&tSsaiaJLictX 
isropcrtiea wiSaa the ordioute cenirct jtimiis olaiple* 

Usually tA^A diotoxA is comld@rad to be isqxartuni 
factor in detensixslng • • Isnrth of r vertical carvo, howrarj 
the ‘Jeeicn, in this cmoj Is tsaca tiv-t the sHail gnides end 
trzff in acily lit «e*'* cUcectissi proeltvias ^ cessedAertAlxm of 
grfniaant algkt distance eiacto tbs d<^<%er of a becd on coHisitm 
i® iai^sitle «f*d if trfsffie is flaring at desigas! sp«td 
tl«srs slicadil be little desire fee or fas sttsKiJta aade to pass 



cars stile in integrtrfienee {a’s^jor. 



aoB-jat^ing slrnt 0ist<>9cx» rcseoBSKasied b>f 
Ketlosusl laUsrrseionsi ia^raKy GagrAttae f:^ the design i^i»sels 
CQiasdtieared ere -s foIXoi^t 

?D j^ph yOo fact 

60 3|* $Z$ feet 

bX) feet 

2'je daoigr© are witM« tfeosa lisi-te* 



Tjxs fen-awl^ xised fcr the l<a^^ dcte5B!ia.'.ti!3a o€ vtsrtle«l 



curves is 



Wicre» 



i. • 



l^G 

■“#- 



G s total cf gj.’fcde in pcsocsit- 

i» ~ tt* jBiKisass letigtU cf TartixaA curve la st<.ti<s®» 
1 a ai^tt ciisfc-acs i. statiom. 
fc s verbicul JaEi^^t ia feet in t * line cf sif?;t 
above ro®i*rav, assuacc.. the asm for 
two vehicles ruins tc*f«tri e*«h usa_13y 



ttkau as 5 ft»'t« 

In view of tbs proafsat tjrand temrai%* xohst j*ei<M8 of ^ fo^t 



wss used ti.rS!y:£jKsit dmliseu 

To ass^Jizbe tise ordiB^tee of tije Tsrrtdcul csrves 

t/he ToTuicAl c’tlslAjr^co £v<x: the iat^pawotioft of ^*uie 
toagants to the sd^pcfat of the csjtw ?j 4U5. cas^sstec tig' the 
folkwlng torsEilju 



n 



flfec3e> 



n 



^ - ^2 X I. 

t^s© ’wrtical dJstrisce* in feet, froa 



ti^e iatersectioQ of tl% f^rode t@is;ante 
to the Edd^int ef the ensrve* 

Oj. «• {^ w the ols^a?alc differ®®:*, ia par cent, 
between two Intersecting cracics, 

espressed m & positive rtssSxae^ 

L « the lonjitis of the curve, is ftsd.. 

HiO einiatw esztic:^ clecr^co it&dcr the brid|:es Is tt^bea 
ca 2ii feet ss rwonaeadted ly tSjo ^kserlean Associwticsi cf State 
lagjjsKsy ef?icifi.8i *3ta:^^ b ecificatione for jJLglafjgr lodges*, 
Sas 'toit«i States 3as*s.u of Pii&lic Jlo&da recasHeoais test 



curve ccaxxaisiticsi 'ins asde csi grades owsr five jjes<«at on rdl 



Cisrwes of a radius tecater SX) fe«t and *t t2» rate of 1 
porcent per ^ feet reduction in rs.di«8. 

Since there is ss5:« rosiotarsce to ssotlcn on s curve tef-n 
on a mi ec3£ffls<s^senfc3^ for « certain sorkir?? ossa 

teitgent, the corresponding grcide <Ki a cvenra should, bg c .rrected 
accordiPC^* ^ heepir^ slcfies below $ percent and radii grea ter 
then 2CQ fost tiis ocsspans'Ai.ogx uaa not iaesce»Si-2y» 



101T»-30UTn 
Throujfh Trifle 



53 7S»t2 

0> oi 



'.25 




67 7S.82 99 


7-.t2 




113 


0 
>x 
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L » 2 stc^tions 


li = 1 foc?t 




IS 


- 


L s st^^ions 


n “ It feet 






Stdiioa 


KLcvation 


Station 


Elevsticsi 


G6 


17.25 


CO •00 


9ii 


28,02 


19.76 


C6 


53.02 


00*00 


9U 


78.82 


19.00 


86 


78.62 


00*00 


95 


20.82 


17.76 


07 


03.82 


00.06 


95 


78.62 


16.00 


C7 


28.82 


00.25 


96 


73.62 


12.C0 


67 


53.82 


00.56 


97 


70.02 


8.00 


07 


78.82 


1.00 


98 


ro.o2 


h.oo 


66 


03.02 


1.56 


99 


03.02 


3.06 


GO 


28,82 


2.25 


99 


28.82 


2.25 


83 


53.02 


3.06 


99 


53.82 


1.56 


83 


78.82 


it.QO 


99 


78.82 


1.00 


89 


78.82 


6.00 


100 


03,82 


00.56 


90 


73.82 


12 .00 


lOQ 


20.62 


00.25 


91 


70.02 


16.00 


100 


53.82 


<X).o6 


92 


28.82 


17.76 


100 


78,82 


00.00 
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